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Introduction 
Can a person continue to see a stimulus after the 
physical energy that originally produced it has terminated? 
The answer to this question is an emphatic yes. This phenom­
enon, known as the persistence of vision, has been recognized 
and speculated upon since the time of Helmholtz (1866, 
reprinted in 1962). Wundt (1099) upheld this notion by 
arguing against the assumption that, for very short stimulus 
durations, information was available from a stimulus only 
until the offset of the physical energy impinging upon the 
receptor surface. Wundt's best piece of evidence to back up 
this argument was an experiment performed by Beyer (1899). 
Meyer's subjects were presented with two 0.04 msec, flashes 
of light and were instructed to report if the lights appeared 
as two distinct flashes. The light flashes were separated in 
time by varying intervals and Heyer found that the time in­
terval between the two flashes had to be at least UO msec, 
for them to appear as separate stimuli. At separations 
shorter than 40 msec, they were seen as a single flash. When 
Heyer's subjects were dark adapted, the minimum interval that 
consistently yielded reports of separate flashes increased to 
80-100 msec. A similar study, performed 70 years later, was 
reported by Haber and Standing (1969). In this experiment, a 
circle was pteseateu lêpêâLêuly la a tachistcscopc and 
subjects were instructed to report whether or not it faded 
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away each time before it was re-presented. Haber and 
Standing found that if the circle was off for no more than 
about 250 msec, all of their subjects reported that it never 
completely faded away and that the exposure duration of the 
circle had no effect upon the duration of this post-exposural 
persistence. Another interesting finding of this experiment 
was that the same effect was obtained if the circle was pre­
sented to the subjects dichoptically, that is, alternately 
presented to each eye. This finding clearly suggests that 
the phenomenon of visual persistence must be, at least in 
part, a central phencmenon. These results, as well as those 
concerned with critical flicker fusion, point to the fact 
that even though a stimulus is no longer physically present, 
its neural representation exists for a short time in such a 
manner as to deceive the subject into believing that the 
physical stimulus is still present. 
Another type of experimental finding that lends credence 
to the persistence of vision phenomenon is backward masking. 
Some early experiments (Baxt, 1871; Cattell, 1885; Exner, 
1868) demonstrated that the information present in one brief 
flash can be attenuated or masked by another flash that 
closely follows it. For example, Baxt presented his subjects 
with six or seven letters for a period of five msec. This 
brief stis'ilus presentation ws then followed by a second 
flash (of greater intensity than the first and containing no 
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letters) at from 0-50 msec, delay. Baxt found that his 
subjects could report seeing one more letter from the display 
for every ten msec, of delay between the offset of the first 
flash and the onset of the masking flash. An enormous number 
of recent studies have been undertaken to investigate 
backward masking (see Kahneman, 1968; Raab, 1963) and most, 
if not all, point to the same basic conclusion: subjects 
appear to process information from some residual image of a 
briefly presented stimulus that outlasts the duration of the 
actual physical stimulus. If this residual image is masked 
by another stimulus, subjects are unable to recall informa­
tion from the original stimulus as accurately as they are if 
no masking stimulus is presented. These studies of backward 
masking indicate that the interval between the offset of the 
original stimulus and the onset of the masking stimulus is of 
paramount importance in determining the effectiveness of the 
mask. If the mask is delayed too long, it has no detrimental 
effect upon a subject's ability to recall information from 
the original stimulus. This finding can also be used to sub­
stantiate the validity of the persistence of vision hypothe­
sis. If the only time that subjects process information from 
N 
a stimulus is during the interval between its onset and 
offset, then a masking stimulus would have no effect upon ac-
cuLduy ui. «ayûlLuuê of zôcall. îIc-GTcr if subjects costisne 
to process information from a stimulus after it has 
k 
physically terminated, then a mask would indeed impair 
recall. Since the latter appears to be the case, it seems 
reasonable to postulate the existence of visual persistence. 
A third line of evidence that points towards the exist­
ence of the persistence of vision is a pair of experiments in 
which subjects were instructed to indicate the duration of 
tachistoscopically presented stimuli. Sperling (1967) pre­
sented his subjects with two stimuli simultaneously. One was 
an array of letters that was exposed to the subjects for du­
rations of 10-200 msec, and the other was a pair of clicks 
presented to the subjects through earphones. The subjects 
were instructed to adjust the clicks so that one coincided 
with the onset of the letter display and the other coincided 
with its offset. After the subjects were satisfied with the 
accuracy of their adjustments, the interval between the two 
clicks was determined and used as an estimate of the apparent 
phenomenal duration of the letter display. Sperling reported 
that the interclick interval increased linearly as the actual 
duration of the display increased. In fact, the apparent du­
ration of the flash exceeded its actual duration by a con­
stant 25% for all flash durations. Similar results were ob­
tained if only one click was presented that was first 
adjusted to coincide with the apparent onset and then with 
•• •  ^^ f A « _ 3* — ^ — — — ja ^ — a ^ 
(1970) replicated Sperling's experiment but added a condition 
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in which a masking stimulus was employed. In the no mask 
condition they found that visual persistence lasted 175 msec, 
for a 10 msec, flash, 60 msec, for a 200 msec, flash, and was 
negligible for flashes lasting longer than 500 msec. In the 
condition where a masking stimulus (a field containing a high 
density of overtyped random letters) followed the display by 
200 msec, or less, visual persistence, as measured by the 
interclick interval, was determined entirely by the delay be­
tween display offset and mask onset. When the mask was de­
layed for longer than 200 msec, it appeared to have no effect 
upon interclick interval, indicating that the persisting vi­
sual image had completely faded before the masking stimulus 
arrived. 
The fourth type of evidence that substantiates visual 
persistence is the subject of this dissertation. The term 
iconic memory (Neisser, 1967) has been applied to this 
veridical, rapidly fading visual memory store that exists in 
time beyond the offset of the stimulus that originally pro­
duced it. Sperling (1960) undertook the original study in 
this area. His experiment was relatively simple. His 
subjects saw briefly presented (50 msec.) arrays of letters 
composed of either three or four letters in each of three 
rows. When asked to report what they had seen, his subjects 
typically coula recall, no more clidii aixjûL i.Ou£ Oil fj-Vc XuGuS 
but insisted that they had actually seen more letters than 
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they could recall. This, of course, is not a recent finding. 
Sperling listed a large number of early studies that had 
produced the same results (e.g., Cattell, 1883; Erdaann and 
Dodge, 1898; Kulpe, 190U) but thanks to modern technology, 
Sperling had equipment that enabled him to investigate the 
fate of the information that subjects claimed to see but 
could not remember. His subjects were presented with either 
a high, medium, or low tone that occurred at various inter­
vals (0, 150, 300, 500, or 1000 msec.) after the offset of 
the display. The tones served as cues that indicated to the 
subjects which row of the display was to be reported. The 
high, medium, or low tones indicated, respectively, recall of 
the top, middle, or bottom rows. In the situation where the 
cue tone immediately followed the offset of the array, 
subjects' recall performance was 90% for the 9 item arrays 
and 7635 for the 12 item arrays. Compared to performance in 
the whole report condition, this partial report technique 
(only one row was cued to be recalled on each trial) led to 
an increase in recall performance of 45% for the 9 item 
arrays and 50% for the 12 item arrays. Sperling interpreted 
these large differences between whole report and partial 
report as indicating that almost all of the information in a 
single display is initially registered in some large capacity 
store and that on whole report trials, subjecLa Cdû aêléct 
only one memory span's worth of information (4-5 items) from 
7 
it before it decays completely. His assumption that this 
store of information fades as a function of time was borne 
out by the fact that as the delay between the offset of the 
array and the onset of the cue increased, recall performance 
decreased drastically. When the tone was presented 300 msec, 
after the offset of the array, Sperling's subjects could 
recall only about the same amount of information from the 
arrays as they could in the whole report condition. Recall 
decreased linearly from 0-300 msec, delay and then leveled 
off at the whole report level at the 300-1000 msec, delay in­
tervals. 
Sperling assumed that his memory store was primarily vi­
sual in nature because of two other findings reported in his 
I960 monograph. First, decay functions from this store were 
found to be very sensitive to such stimulus factors as the 
intensity of the pre- and post-exposure fields. Second, 
there were more visual than acoustic intrusion errors in 
recall from this store. Consequently Sperling called it the 
Visual Information Store. 
Another study, quite similar to Sperling's, was carried 
out at approximately the same time. Averbach and Coriell 
(1961) employed the same basic paradigm with three excep­
tions. Their stimulus arrays consisted of two rows of eight 
were cued for recall; and the cues for recall were visual 
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rather than auditory. Their cues were simply small bar 
markers that appeared, after various intervals, either above 
a letter in the top row or below a letter in the bottom row. 
The subject's task was to identify the letter that had ap­
peared either above or below the bar marker. Their results 
were similar to those reported by Sperling in that the per­
centage of items recalled correctly decreased as a function 
of increased temporal delay between the offset of the array 
and the onset of the cue. In a joint paper, Averbach and 
Sperling (1968) reported the same findings and reached the 
same conclusion: subjects are still able to "see" a visual 
stimulus for a short time after it has actually disappeared 
and are able to utilize this iconic image as an accurate but 
rapidly fading visual memory store. 
According to Bennett (1971) the early work of Sperling, 
Averbach and Sperling, and Averbach and Coriell was important 
for three basic reasons. First, these studies provided some 
solid evidence to substantiate the existence of a very short-
term visual memory store that had long been suggested by 
phenomena such as afterimages. Second, they developed cueing 
procedures that provided methods for determining the capacity 
of this memory store. Third, they demonstrated that subjects 
are capable of selectively attending to certain portions of 
 ^^  ^  ^t? 1-. f 1  ^^ y»  ^r* r» n /-r 1 K* lÀ O lii C iU W k Jf ^ L, ^ ^  ^ ^ ^ W H W ^ 'W W W ^ W ^ —« A. 
for readout although access was not found to be equal for all 
9 
locations in the arrays (Averbach and Coriell, 1961). 
In summary, there seem to be four lines of converging 
evidence that point to the existence of visual persistence or 
iconic memory. Research in the area of critical flicker 
fusion has shown that if two discrete visual events follow 
each other closely enough in time they appear to the individ­
ual as being only one event. Obviously something must be 
bridging this temporal gap and it appears that visual per­
sistence is the answer. Backward masking is a second area of 
research that has been explored to investigate visual per­
sistence. Time and again it has been found that the effec­
tiveness of a backward masking stimulus is dependent upon its 
temporal proximity to the target stimulus. If vision did not 
persist and subjects stopped processing information from a 
stimulus after its physical energy terminated, then temporal 
proximity would not determine a mask's effectiveness. 
Phenomenal judgments of the duration of visual stimuli are 
yet another piece of evidence supporting the concept of visu­
al persistence. When asked to judge the duration of visual 
stimuli by adjusting a pair of auditory stimuli, subjects 
always overestimate the actual duration of the stimulus if it 
is less than 500 msec. Last, and perhaps most convincing, is 
the evidence from experiments in which subjects are reguired 
WW U ^  ^  ^ Mk Wi* te ^ ^ •w — 
letters. With the aid of partial report paradigms and cue 
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delay manipulations, several researchers have determined the 
decay rate of visual persistence, explored the capacity of 
this visual short-term memory store, and proved that subjects 
can select certain portions of a persisting visual image for 
output. 
Selection from Iconic Memory 
Selection from iconic memory has been investigated from 
two basic viewpoints. Some researchers believe that selec­
tion can and does occur, and therefore they set out to inves­
tigate the efficiency of various selection dimensions and 
their accompanying decay functions. Others, however, express 
a different opinion. Their belief is that selection cannot 
occur from iconic memory and consequently their goal is to 
disprove its existence and discredit the literature that sup­
ports it. 
The results of Sperling (1960) and Averbach and Coriell 
(1961) were convincing proof that information can be selected 
for output from iconic memory if spatial location is the cued 
dimension. The initially large but rapidly decreasing dif­
ference between whole and partial report as a function of 
delay interval served as strong evidence that information can 
be retrieved from visual short-term memory if spatial cues 
are employed. Prior to 1968, research on iconic memory dealt 
almost exclusively with spatial lucai.xOû ââ Lu<ê CclcVâûL 
recall dimension. With one exception, the seminal studies by 
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Sperling and Averbach utilized cues that indicated recall of 
items that were spatially related (in the same row) or 
spatially isolated (by a bar marker). The one exception was 
a study (Experiment VI) performed by Sperling (1960) in which 
arrays of randomly intermixed letters and numbers were pre­
sented to subjects for 50 msec, and recall was cued on these 
two types of symbolic categories. The data from this study 
indicated that recall in the partial report condition was not 
superior to the whole report condition. Therefore Sperling 
concluded that: "...partial reports by position are more ef­
fective for studying the capacity of short-term storage than 
partial reports by category" (1960, p. 16). 
von Wright was the next researcher to investigate selec­
tion from iconic memory with recall dimensions other than 
spatial location. The subjects in his study were cued to 
recall information on five different dimensions: space, 
size, chromatic color, achromatic color, and orientation 
(items oriented correctly or at a +45 or -45 degree angle). 
He found that the difference in number of items correct be­
tween whole report and partial report was greatest in the 
spatial (2.5) and chromatic color (2.2) conditions, was lower 
in the size (1.5) and achromatic color (1.3) conditions, and 
was nonexistent in the orientation (-0.2) condition, von 
Wright explained his subjects* failure to select information 
on the basis of orientation in terms of hierarchical selec­
12 
tion tests (see Treisman, 1964). These tests supposedly 
enable subjects to reject some information on the basis of 
physical characteristics (e.g., spatial location, size, or 
color) and then concentrate on the identification of the 
nonrejected items, von Wright discussed the possibility that 
subjects must determine the identity of items before deter­
mining their orientation and therefore are unable to select 
information as efficiently as with other recall dimensions. 
Although von Wright did not study the decay of information 
from iconic memory (his subjects were cued auditorily five 
msec, after the offset of each stimulus array) his experiment 
was important because it demonstrated that information can be 
selected efficiently from short-term visual storage if recall 
dimensions other than spatial location are employed. 
In a later study von Wright incorporated three different 
recall dimensions in the same paradigm as his earlier study. 
These new dimensions were letters vs. numbers, consonants vs. 
vowels, and normal vs. reversed images. The results clearly 
indicated that partial report was not significantly higher 
than whole report for these recall dimensions, von Wright's 
explanation for this finding was very similar to his 1968 ex­
planation: "...in these conditions selection requires that 
each item is analyzed in full before S can determine whether 
it is to be selected to rejected" (1570, p. 254). 
Unfortunately there appears to have been one possible 
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confounding factor in this experiment. Although not 
specifically stated, there was probably a large difference 
between the number of letters and the number of numbers used 
in the letters vs. numbers condition (probably 26 letters and 
8 single digit numbers). Similarly, although once again not 
stated, the number of consonants used in the consonants vs. 
vowels condition undoubtedly exceeded the number of vowels 
(probably 21 consonents and only 5 vowels), Although von 
Wright did not report any data pertaining to differences in 
recall between the two levels of each recall dimension, there 
is a good chance that differences did exist and that they 
could have been caused by the inequality of category sizes 
within recall dimensions. It is very hard to understand how 
a subject could fail to guess a high percentage of vowels 
correctly on each trial considering that of the five possible 
vowels, four were presented on every trial. In order to per­
form an experiment of this type it is vital that such catego­
ry size differences are minimized or totally eliminated so 
that guessing does net artificially inflate the recall scores 
of one recall dimension more than another. 
Clark (1969) investigated recall from iconic memory with 
color and spatial location as relevant recall dimensions. 
Clark's subjects saw arrays of 15 colored circles. They were 
auditorily vueù Lo LtïOaxx xuxuLiua. LxOû by COlOîT yZGGn, 
or yellow) or spatial location (top, middle, or bottom row). 
lu 
In color recall the subject was to recall the position of the 
circles of a particular color. In recall by spatial location 
the subject was to recall the color of the circles in a par­
ticular row. Clark found that recall by spatial location was 
superior to recall by color. Another interesting finding 
from this study vas that though recall by spatial location 
decreased as a function of increased delay between offset of 
the display and onset of the cue, recall by color did not. 
Turvey and Kravetz (1970) performed an experiment some­
what similar to Clark's. Their subjects saw arrays 
consisting of three rows of four letters each. Only three 
letters were used (R, 0, and Z) and in each array the three 
letters appeared four times, k post-exposure auditory cue 
indicated to the subjects to either recall the locations of a 
particular letter in the display or to recall the letters 
that appeared in a particular row of the display. The cues 
followed the offset of the display by Q, 500, or 1000 msec. 
The results clearly indicated that recall by spatial location 
(top, middle, or bottom row) was superior to recall by shape 
(B, 0, or Z) and that recall declined for both dimensions as 
the delay of the post-exposure cue increased. One interest­
ing finding reported by Turvey and Kravetz was that even 
after a delay of 1000 msec., partial report on both dimen-
Wdlâ £>x^uxi.xociu ux », w xu-ko 
what puzzling finding was probably due to the fact that their 
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pre- and post-exposure fields were dark. Averbach and 
Sperling (1961) reported that with dark pre- and post­
exposure fields, partial report (by spatial location) does 
not fall to the whole report level until the onset of the cue 
is 4-5 seconds after the offset of the array. With light 
pre- and post-exposure fields, partial report falls to the 
whole report level after approximately 500 msec. 
Dick (1969) presented his subjects with eight item 
arrays with one black letter, one black number, one red 
letter, and one red number in each of two rows. The subjects 
were divided into three groups and recall was cued by the 
same three tones in each group. The spatial location group 
recalled items from the top row after hearing the high tone, 
from the bottom row after hearing the low tone, and from the 
whole display after hearing the medium tone. The two other 
groups were cued similarily: depending upon the group, the 
high tone indicated recall of either red items or letters 
only, the low tone indicated recall of either black items or 
numbers only, and the medium tone indicated whole report for 
both groups. Thus recall was cued by spatial location (top 
vs. bottom row), class (letters vs. numbers) , and color (red 
vs. black). Dick found that recall was best by class, next 
best by spatial location, and worst by color (Dick replicated 
this ordering in 197 0) = The auditory cues were delayed from 
50-850 msec, after the offset of the display and Dick found 
16 
that class information did not decrease as a function of 
delay interval, spatial information decreased slightly, and 
most decay was found for color information. The superiority 
of recall by class and the failure to find decay with this 
recall dimension is puzzling until response set size is con­
sidered. Dick solved the unequal response set size problem 
in his class dimension by using only eight letters and eight 
digits. Unfortunately by controlling for the response set 
size within this particular dimension, Dick produced unequal 
response set sizes between recall dimensions. If subjects 
were cued to recall by either spatial location or color, the 
total number of possible responses was 16 (8 letters and 8 
numbers). However in the recall by class condition, the 
total number of responses was only 8 (8 letters or 8 num­
bers) . Consequently guessing could have artificially 
inflated the class recall score more than the scores of 
recall by spatial location or color. 
Appleby (1971) replicated Dick's experiment with two 
main exceptions. First, instead of a between subjects 
design, Appleby employed a within subjects design in which 
all subjects recalled information by all three types of 
recall dimensions that were randomly interspersed within the 
experimental session. Second, the cues were presented 
visually rather than auditorily, xhere were three main 
results from this study, all of which contradicted those re­
17 
ported by Dick (1969). First, most items were recalled after 
spatial location cues, next most after class cues, and least 
after color cues. Second, recall after spatial location cues 
decreased as a function of delay whereas recall after class 
and color cues did not. Third, and perhaps the most 
surprising finding, was that the usual loss of information as 
a function of increased delay between the array and the cue 
was not found in the form of a significant delay main effect. 
Two researchers have performed experiments or reanalyzed 
old data in order to disprove the concept of iconic memory. 
Their basic thesis is that a rapidly decaying short-term vi­
sual memory does not exist and that the results that have 
been used to support such a notion are based on guessing or 
response artifacts. 
Holding (1970) attacked the concept of iconic memory 
from two directions. First, he designed an experiment to in­
vestigate the guessing strategies of subjects in a partial 
report paradigm with spatial location as the relevant recall 
dimension. He constructed cueing seguences that varied in 
their degree of predictability (from completely random to 
fully ordered). He argued that if subjects could "out guess" 
the experimenter and correctly anticipate the row of items 
that was to be cued, their partial report scores would be far 
* • ^ ^ — — A. .— — —~ — —. • — ^ ^ L ^  ^ L ^ ^ «3 CU c « cu uiiuu^u «.ucj^ uuu. 
only one row of information available to them at the time of 
18 
recall. Holding's hypothesis was confirmed. Recall varied 
systematically with cue predictability. In a second study. 
Holding (1971) asked subjects to guess which row they would 
be cued to recall before the beginning of each trial. Osing 
a three row display he found that the amount of decay as a 
function of delay interval was inversely related to guessing 
accuracy. That is, if the subject correctly anticipated the 
row to be cued, his score revealed no decay. If the 
subject's guess was off by one row, some decay was observed. 
Most decay occurred if the subject's guess was off by two 
rows. 
At first glance these findings appear to deliver a fatal 
blow to the concept of iconic memory. However upon closer 
inspection they appear less damaging. These results do seen 
to cast some doubt upon the validity of the findings from 
studies in which spatial location (by row) was the relevant 
recall dimension and decay and/or differences between whole 
and partial report was found. However the results from stud­
ies in which superior partial report by recall dimensions 
other than spatial location tend to weaken Holding's posi­
tion. In his 1971 study. Holding monitored the eye movements 
of his subjects prior to the presentation of the stimulus 
arrays. He found that they tended to fixate on or near the 
row that they guessed would be cued ou the ueiL Liial. How 
ever in a situation where the to-be-cued items are randomly 
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scattered throughout the display, and consequently not 
spatially related as in a row, such pre-exposure eye fixation 
strategies could not facilitate recall. This is true because 
the location of the to-be-cued items would not be known until 
the array was visible to the subject. Perhaps the best 
lesson to be learned from Holding's findings is to construct 
cueing sequences in such a manner as to discourage guessing. 
Probably the best way to accomplish this is to utilize com­
pletely random sequences and to inform subjects of this 
randomness so that strategies to "out guess" the experimenter 
will be minimized as much as possible. 
Iconic memory has also been attacked as simply a re­
sponse artifact. Holding (1970) noted that in partial report 
conditions, the usual number of correct responses is four or 
less whereas in whole report conditions the number of items 
to be output is always more than four. Therefore, according 
to Holding, output interference (see Tulving and Arbuckle, 
1963) could cause a larger decrement in whole report scores 
than in partial report scores. Consequently the difference 
between whole report and partial report could be simply a 
result of interference rather than as a result of a large 
capacity visual memory store. 
Dick (1971) carried this argument a step further. He 
reasoned that it output interference could be consiûettsù ay 
an artifact that inflates the difference between whole and 
20 
partial report, then it can be controlled by scoring the same 
number of output positions in whole report as in partial 
report. Consequently Dick reanalyzed the data from his 1969 
study. He scored only the first four output positions of 
both the whole and the partial report conditions and compared 
the results. He found that recall accuracy decreased 
systematically with output position and that whole report ac­
curacy was greater than partial report accuracy over all 
types of cues and all recall positions. This latter finding 
led Dick to conclude that: "The appropriate inference to be 
drawn from the evidence presented in this paper is that se­
lection does not occur in short-term visual memory" (1971, p. 
263). 
Bennett (1971) has offered a good counter-argument to 
Dick's rather convincing conclusion. She states that the 
superiority in accuracy of whole report over partial report 
across the first four output positions is due to the fact 
that, in whole report, recall is subject-determined whereas 
recall is primarily experimenter-determined in partial report 
conditions. Consequently, in whole report, the subject can 
output the items that are clearest first. However, in the 
partial report condition, the subject's output order is de­
termined, to a great extent, by the experimenter. Therefore, 
because cued positions aL« LalauCeJ ovci: trials, both clsar 
and unclear items are cued for report equally often and, as a 
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result, recall accuracy is lower, Bennett cites Slamecka 
(1969) as supporting evidence for her argument. Slamecka 
found that subjects recall words more accurately from a list 
if free recall is employed than if recall is constrained in 
such a way that only portions of the list are cued for 
recall. 
The literature pertaining to selection from iconic memo­
ry can be summarized as follows. Efficient selection can and 
does occur from iconic memory if certain recall dimensions 
are employed. The majority of researchers have found that 
recall by spatial location is the most efficient selection 
criterion. Others have found that shape (not class) and 
color can also be employed as efficient recall dimensions. 
As opposed to these physical characteristics, other charac­
teristics, designated as "learned" by von Wright (1968, 
1970), have not been found to be efficient recall dimensions. 
Examples of the "learned" characteristics are letters vs. 
numbers and consonents vs, vowels. However not all of these 
studies are in agreement in regard to which are the most and 
which are the least efficient recall dimensions but all have 
come to the conclusion that selection from iconic memory is 
possible and does occur. Other researchers have set out to 
disprove the existence of iconic memory. Although their ar-
yumszits azTG ccTiVincin^ at firct, after a closer inspect ion.-
it is found that the soundness of their conclusions is not 
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entirely above question. 
Purpose of the Present Experiment 
It appears that the existence of a short-term visual in­
formation store (iconic memory) is a well substantiated phe­
nomenon. However there has been controversy associated with 
the relative efficiency of the various recall dimensions 
(e.g., spatial location, class, or color) that have been em­
ployed to study its capacity and decay rate. No one has put 
forth an adequate explanation (except perhaps von Wright) of 
the differences in recall performance between the different 
recall dimensions or, for that matter, between the levels 
within a given recall dimension. For example, Dick (1969) 
found that recall was best for class, next best for spatial 
location, and worst for color. As if these results were not 
puzzling enough, Dick also found significant differences be­
tween levels within two of the recall dimensions. He report­
ed that more items were recalled from the top row than from 
the bottom row and that more red items were recalled than 
black items. There was no significant difference between 
recall of letters and numbers. Dick was as statistically 
confident of these within-recall dimension differences as he 
was of the differences between recall dimensions (£ < .001 
for all three tests). Appleby (1971) reported similar but 
not laenticai results. la Ihit. «apétiisnt recall -ac beet by 
spatial location, next best by class, and worst by color. As 
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in Dick's study, Appleby found significant differences within 
recall dimensions as well as between recall dimensions. He 
reported that more items were recalled from the top row than 
from the bottom row and that more numbers were recalled than 
letters. There was no significant difference in recall of 
red or black items. Once again, these between and within 
recall dimension differences were accepted with equal statis­
tical confidence (2 < .01 for all three tests). 
One plausible explanation for these between and within 
recall dimension differences and for the differences between 
Dick's and Appleby's studies deals with the nature of the 
cues employed and the cueing procedure itself. • One marked 
difference between the results of the two studies deals with 
average recall performance over all types of cues and post­
exposure delay intervals. Appleby found that his subjects 
recalled an average of 1.5 items correctly on each trial. 
Dick's subjects recalled apppoximately 2.5 items correctly on 
each trial. This difference of one item per trial is 
puzzling until the cueing procedures employed in these two 
studies is considered. On each trial in Dick's study, each 
subject could receive one of three different cues: one indi­
cating recall of one level of a given recall dimension (e.g., 
top row), one indicating recall of the other level (e.g., 
bottom COW), and one indicating whole Leyuil. lucCcfOEc thé 
cue set size was three and the probability of the subject re­
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ceiving any one of the cues on any given trial was one in 
three. However, in Appleby's study, each subject could re­
ceive any one of six cues on each trial indicating recall of 
the top row, bottom row, letters, numbers, black items, or 
red items. Consequently the cue set size was six and the 
probability of the subject receiving any one of the six cues 
on each trial was one in six. At first glance this differ­
ence in cue set size between the two studies may not appear 
crucial. However if the results of a series of studies by 
Sternberg (1966, 1967, 1969) are taken into account, some new 
light can be shed on the topic. In Sternberg's studies, 
subjects memorized a list of items (usually digits) and were 
then presented with a series of trials in which one test 
digit was presented per trial. The subject's task was to 
push one lever if the test digit was a member of the previ­
ously memorized list and another lever if it was not a member 
of the list. The results of these studies were quite con­
sistent. Reaction time to the test digit was a linear func­
tion of the number of digits in the originally memorized 
list. This function had a slope of approximately 40 msec, 
per digit in the list for both positive and negative re­
sponses. 
Although not identical, the task of the subjects in 
^  *  '  :  *  -  -  -  ^  —  —  '  . . j Z  ^  A . 1 .  ^  ^  ^  L  ^  ^  ^  X .  4  i  I *  #  f . .  a an u cuo caoiv v tic  ^
and Appleby's studies were very similar in two respects. 
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first, subjects in both types of experiments memorized a list 
of items prior to a number of test trials. In the Sternberg 
studies the list consisted of digits» In the Dick and 
Appleby studies the list consisted of the cues that the 
subjects would receive during the course of the experiment. 
Second, subjects in both experiments had to respond to the 
items in their memorized list during the test trials. 
Sternberg's subjects were required to operate levers to indi­
cate whether or not the test digit was a member of the 
memorized list. The subjects in the Dick and Appleby studies 
had to determine the meaning of the cue and then scan the 
fading visual image of the display for the type of informa­
tion indicated for recall by the cue. Therefore subjects in 
the Dick and Appleby studies engaged in two different memory 
tasks or stages on each trial; one involving long-term memory 
search and the other involving the search through very-short-
term or iconic memory. The long-term memory stage involved 
the search through the set of memorized cues (assumed to be 
in long-term memory) to determine the meaning of the cue pre­
sented on any given trial. The very-short-term memory stage 
involved the attempt to scan and retrieve the cued informa­
tion from the rapidly decaying icon. Because the very-short-
term memory search stage cannot begin before the successful 
CuuipxêcxOû Oi. Luc 5G&ZCn CCCUZTS^ Lt 
seems safe to speculate that recall is dependent to a great 
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extent upon the time that subjects spend attempting to 
apprehend the meaning of each cue. Since the icon fades com­
pletely after a delay of approximately 250-300 msec. 
(Averbach and Coriell, 1961; Sperling, 1960) the longer it 
takes the subject to apprehend the meaning of the cue, the 
more faded or incomplete the icon will be when scanning fi­
nally begins. Given that the icon fades at the same rate on 
each trial for a given subject, the faster he can determine 
the meaning of the cue, the more information he will be able 
to retrieve from the icon, and the higher his recall score 
will be. If Sternberg's UO msec, increase in reaction time 
per item is extrapolated to the Dick and Appleby paradigms, 
it would seem logical to believe that Dick's subjects were 
able to determine the meaning of the cue and begin retrieving 
the cued information from the icon about 120 msec, before 
Appleby's subjects. In a situation where a memory store 
lasts only approximately 250-300 msec., a delay of 120 msec, 
before processing can begin would greatly impair recall per­
formance. One purpose of the present study was to investi­
gate this possibility and to test the hypothesis that recall 
from iconic memory is inversely related to cue set size. 
Another possible explanation for the differences in 
recall performance between and within recall dimensions may 
come from a closer iwapection of Cues Lù6m&elv65. Par 
haps cues vary along a continuum of speed of apprehension of 
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meaning. That is, the meaning of some cues may be more 
intuitively obvious than the meaning of others and therefore 
may be ascertained faster. For instance, in Dick's study the 
cues were tones. For one group the high tone meant recall of 
the top row and the low tone meant recall of the bottom row. 
For another group the high tone meant recall the red items 
and the low tone meant recall the black items. It would seem 
that the meaning of the cues for the spatial location group 
was more intuitively obvious than for the color group. That 
is, associating a high tone with recall of the high row and a 
low tone with recall of the low row would undoubtedly be 
easier than associating a high or low tone with recall of 
black or red items. Therefore there is a possibility that 
cue apprehension time will vary between, and also possibly 
within, recall dimensions. If this is true then the icon 
will have faded more before it is processed after some cues 
than after others; hence, higher recall performance between 
recall dimensions reported by researchers may be due to dif­
ferences in cue apprehension time rather than the belief that 
some types of information are more easily retrieved from 
iconic memory than others. Therefore the second purpose of 
the present study was to investigate cue apprehension time 
and to test the hypothesis that recall from iconic memory is 
Inversely lelâLaù Lû cuê dpprêliensioû tis£. '"he cczfirzzticn 
of this hypothesis could lead to the conclusion that the 
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results from studies that have rank ordered the efficiency of 
various recall dimensions were more a result of cueing method 
artifacts than differential selection efficiency. 
Two other questions were investigated in the present 
study. First, is the relative efficiency of some recall di­
mensions affected more by cue set size than others? In 
Dick's study {where cue set size was three) recall was best 
by class, next best by spatial location, and worst by color. 
In Appleby's study (where cue set size was six) recall was 
best by spatial location, next best by class, and worst by 
color. This difference in rank ordering of relative effi­
ciency may be simply the result of the differences between 
the two experiments or it may reflect the fact that some 
recall dimensions are more sensitive to cue set size than 
others. 
The second question dealt with cue presentation 
modality. In order to investigate the effects of cue set 
size it was necessary to employ visual rather than auditory 
cues. This was necessary because training subjects to dis­
criminate between seven different tones and to associate each 
of them with a different cue would be difficult if not impos­
sible. A comparison of. the decay functions of the present 
study with those from previous studies (in which auditory 
W VA C O W C ^ ^ iU ^ ^ 2 m VL W V/ «.X W 4* W OW 
question. 
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Study I 
This experiment investigated cue apprehension time. Two 
hypotheses eere tested. First, based on Sternberg's find­
ings, it was hypothesized that cue apprehension time (for the 
same cue) increases as the size of the set of possible cues 
increases. Second, the hypothesis was tested that cue 
apprehension time would not be the same for all cues. In 
this study, cue apprehension time was defined as the temporal 
interval between the onset of a cue and the onset of the 
subject's verbal report of the meaning of that cue. 
Method 
Subjects 
The subjects were 12 undergraduate students (6 women) 
enrolled in the introductory psychology course at Iowa State 
University, They were given course credit for their partici­
pation. The only requirements for participation were 20/20 
vision (with or without glasses or contact lenses) and normal 
color vision. All of the subjects were naive with respect to 
the nature of the experiment. 
Stimulus Materials 
The stimulus materials consisted of seven different 
single symbol cues and one fixation cross, all of which ap­
peared on acetate paper. Five of these symbols were 
typewcitceu (T ^  l# r# a) aiiu cue caO CoxOZcu 
dots, one red and one black. The fixation cross was simply 
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aD addition sign that was typewritten in the same position as 
the cue symbols. The visual angle of the cue symbols was ap­
proximately 0.4 degrees vide and 0.5 degrees high. 
Presentation of the Stimulus Materials 
The stimulus materials were presented to the subjects 
with a Scientific Prototype three channel tachistoscope 
(Model GB) . The stimuli were back-lighted with fluorescent 
lamps and had a luminance of 2.8 ftl. The fixation cross was 
visible continuously except at the times when a cue was 
visible. The exposure duration of the cues was 1000 msec. 
Procedure 
As soon as each subject entered the experimental room 
the experimenter explained the operation of the tachistoscope 
and showed the subject each of the cues he would be presented 
during that session. The room lights were then turned off 
and the subject was instructed to practice presenting the 
cues to himself by pressing a switch that activated the 
tachistoscope. The subject was then told the name of each 
cue and instructed to verbally report the name of the cue as 
quickly as possible after presenting the cue to himself. The 
cues and their names were: f = up, ^ = down, L = letters, N = 
numbers, 0 (black) = black, 0 (red) = red, and X = all. The 
subject was then given several more practice trials during 
which he said the name ot the cues, as guicKiy as possioie, 
as he presented them to himself. The subject-controlled 
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switch activated the tachistoscope and started a Hunter 
Klockounter. The subject's verbal report of the name of the 
cue was spoken into a microphone that activated a Hunter 
Noise Operated Relay which, in turn, stopped the Klockounter. 
Therefore on each trial cue apprehension time (in msec.) was 
measured in the form of the latency between the onset of the 
cue and the onset of the subject's verbal report of the name 
of the cue. 
Each subject was given ten trials on each of the cues 
that were presented to him during the experimental session. 
The cueing sequence was random and the subjects were informed 
of this fact. Intertriai interval was never less than 10 
seconds and never more than 20 seconds. A 5-10 minute rest 
period was given after 25 trials (in the sessions in which 
the number of experimental trials exceeded 30). The approxi­
mate durations of the 30 and 70 trial sessions were, respec­
tively, 15 and 35 minutes. The sessions were scheduled so 
that they were separated by at least one and not more than 
two days. 
Design and Analysis 
The design was a 4x4 Latin square with four blocks of 
subjects (three subjects per block) along the vertical side, 
four consecutive experimental sessions along the horizontal 
side, and tour combinations or cues arranged systematically 
within the matrix of the square. The four cue combinations 
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were as follows: spatial location cues and "all" cue (t* 
and X) g class cues and "all" cue (L, N, and X) , color cues 
and "all" cue (0 (black), 0 (red), and X), and all of the 
seven cues (t, L, N, 0 (red), 0 (black), and X). The four 
cue combinations were arranged within the square so that each 
occurred once for each block of subjects, once for each 
consecutive experimental session, and each cue combination 
preceeded and followed each other cue combination once and 
only once for each block of subjects (see Appendix A for a 
diagram of this design). 
The data from this design were analyzed with a 2x6 
factorial analysis of variance. The factors were Cue Set 
Size (three or seven) and Cue Type (up, down, letters, num­
bers, black, or red). The dependent variable was the average 
time between the onset of the cue and the onset of the 
subject's verbal report of the cues's name. The raw data 
from this study are presented in Appendix B. 
Results and Discussion 
The results of the analysis of variance (see Table 1) 
indicated a significant effect due to Cue Set Size, F (1,132) 
= 74.37, 2 < .01 and a significant effect due to Cue Type, F 
(5,132) = 4.82, £ < .01. The Cue Set Size X Cue Type inter­
action was nonsignificant, F (5,132) = 0.64, £ > .10. 
lilt; c ue otgL oiac uaclxu cuts 
hypothesis that cue apprehension time increases as the size 
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of the set of possible cues increases. Average cue 
apprehension time was 481.17 msec, in the three cue condition 
and 563.29 msec, in the seven cue condition. Consequently it 
appears that the conclusions that Sternberg has made from his 
results are readily applicable in the present study. That 
is, as the number of items in the memorized set (cues to be 
presented during a particular session) increases, reaction 
time (cue apprehension time) to these items increases. This 
finding can be best explained in terms of the set of items 
that must be scanned before an appropriate response can be 
produced. As this set of memorized items and responses in­
creases, the time it takes the subject to scan the set and 
emit the correct response also increases. 
The significant Cue Type main effect (see Figure 1) 
confirmed the hypothesis that cue apprehension time was not 
the same for all cues. An explanation of the differences in 
apprehension time between these cues can be based upon two 
factors, ambiguity and dissimilarity. 
If the cues are divided into three sets according to the 
attributes that they cue, a comparison according to ambiguity 
of meaning can be made. There is nothing ambiguous about the 
meaning of an arrow pointing up or an arrow pointing down. 
Their meanings are intuitively obvious; they mean one and 
only ens thing, either -p or dovn. Or. the other th* 
meanings of L and N are more ambiguous than the meanings 
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Table 1. Analysis of variance for Experiment I 
Source of variation Degrees of 
freedom 
Cue Set Size (C) 
Cue Types (T) 
CxT 
Mean squares within 
Total 
1 
5 
5 
132 
143 
Mean 
squares 
P values 
242804,00 74.37* 
15728.88 4.28* 
2252.28 0. 64 
3264.78 
*2 < .01 
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Figure 1. Mean cue apprehension times as a function of 
Cue Type 
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of the arrows. In their everyday lives, the subjects proba­
bly encounter the letters L and N as symbols with meanings 
other than letters and numbers. If subjects were simply pre­
sented the letters L and N and asked what they symbolized, 
the answers would probably be "left" for L and "north" for N 
more often than letters or numbers. The pair of cues with 
the most ambiguity of meaning was the color cue pair. Black-
and red-filled circles really have no meaning until they are 
arbitrarily assigned one. Symbolically, they are relatively 
void of meaning and therefore, from the subjects* point of 
view, are the most ambiguous of the three cue sets. If cue 
apprehension times are averaged across cues within each of 
the three sets, the relationship between ambiguity of meaning 
and apprehension time becomes obvious. The meaning of the 
least ambiguous cue set, the arrows, was apprehended 10.75 
msec, faster than the L and the N. The meaning of the most 
ambiguous cue set, the black- and red-filled circles, was 
apprehended 22.50 msec, slower than the arrows. 
The large difference in apprehension time between the 
black and the red cue can be explained in terms of dissimi­
larity. In comparison to the black cue, the meaning of the 
red cue was apprehended very quickly. The most likely reason 
for this effect was that the red cue was very dissimilar from 
ail the other cues in regards to its color. A11 the other 
cues were black and the red cue was the only cue that was 
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red. Upon seeing the red cue, subjects did not have to 
process its shape as they did with the other five cues, they 
only had to process its color in order to name it correctly. 
Thus, this rather salient and dissimilar feature of the red 
cue caused its meaning to be apprehended much more rapidly 
than the black cue. 
The nonsignificant Cue Set Size X Cue Type interaction 
simply reflected the fact that apprehension time for individ­
ual cues was not differentially affected by the size of the 
cue set. 
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Study II 
This experiment explored the possibility that the dif­
ferences in cue apprehension time found in Study I were a 
result of an equipment artifact rather than differential 
processing time. The possibility existed that the Hunter 
Noise Operated Relay was more sensitive to some of the cue 
names than others and therefore was activated faster by these 
names (e.g., the hard sound of the initial b in black caused 
the relay to be activated faster than the soft sound of the 
initial r in red). The hypothesis tested in this experiment 
was that the Hunter Noise Operated Relay used in Study I was 
more sensitive to, and therefore activated faster after, some 
cue names than other cue names. 
Method 
Subjects 
Ten subjects (five women) were used in this study. They 
were different from those used in Study I but were selected 
from the same population and were subject to the same re­
strictions. 
Stimulus Materials 
The stimulus materials consisted of the same fixation 
cross that was used in Study I and the names of the six dif­
ferent cues typed in upper case letters (OP, DOWN, LETTERS, 
m  r t v « ^ r /  ^  ^  Ji n f T N i  
itOiiuuixOf m 
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Presentation of the Stimulus Materials 
The stimulus materials were presented in the same manner 
as in Study I with one exception. This exception was that a 
cue name was visible continuously except during the time that 
the fixation cross was visible. The exposure duration of the 
cue names was 1000 msec. 
Procedure 
The procedure was basically the same as in Study I 
except for two changes. First, the subject was instructed to 
say the word that was being continuously presented to him as 
soon as the fixation cross appeared. Second, the 
tachistoscope was activated by the experimenter rather than 
by the subject. Therefore the subject knew the word that he 
was supposed to speak on each trial and the fixation cross 
served as the signal for him to speak it. The time between 
the onset of the fixation cross and the onset of the 
subject's verbal report of the cue name was recorded by the 
experimenter after each trial. Each subject saw and said 
each cue name ten times during the course of the experimental 
session. The cue names were randomly presented during the 
experimental session and the subjects were informed of this 
fact. Intertriai interval was never less than 10 seconds and 
never more than 20 seconds. A 5-10 minute rest period was 
given after .10 trials. 
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Design and Analysis 
The design was a one way analysis of variance with six 
levels of the Cue Names factor (UP, DOWN, LETTERS, NDHBEES, 
BLACK, and BED). The dependent variable was the average time 
between the onset of the fixation cross and the onset of the 
subject's verbal report of the cue name. The raw data from 
this study are presented in Appendix C. 
Results and Discussion 
The results of the analysis of variance (see Table 2) 
indicated that there were no significant differences among 
vocal reaction times for the six different Cue Names, F 
(5,54) = 0.27, £ > . 10. 
Consequently it can be concluded that the differences in 
apprehension time found among cues in Study I reflect true 
and accurate differences. The results of this study indicate 
that the differences are not merely an artifactual result of 
differential sensitivity of the sound latency measuring 
system. 
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Table 2. Analysis of variance for Experiment II 
Source of variation Degrees of Mean P values 
freedom squares 
Cue Names 5 325.80 0. 17 
Mean squares within 54 1961.57 
Total 59 
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Study III 
This experiment investigated the effects of cue type and 
cue set size on recall from iconic meooty. It was hypothe­
sized that recall from iconic memory decreases as cue set 
size increases and that recall from iconic memory is 
inversely related to cue apprehension time as measured in 
Study I, Another hypothesis that was tested in this study 
vas that recall performance on some recall dimensions would 
be affected more by cue set size than recall performance on 
other recall dimensions. 
Method 
Subjects 
The 12 subjects (6 women) used in this study were dif­
ferent from those used in Studies I and II but were selected 
from the same population and were subject to the same re­
strictions. 
Stimulus Materials 
The stimulus materials consisted of the same cues and 
fixation cross as used in Study I plus 48 different arrays 
containing numbers and upper case letters. The letters and 
numbers that appeared in the arrays were the same as those 
used by Dick (1969) and Appleby (1971). These included the 
eight digits from two to nine inclusive and eight letters (A 
" T  "  ^  ^  .  '  *  "  •  -  - ,  *  ~  —  * • —  -  —  —  — A .  .  •  t a .  « M  m a  1  • •  m  m  * *  
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with one black letter, one black number, one red letter, and 
one red number in each row. The individual items in each 
array were randomly selected with the restriction that no 
letter or number appeared more than once in each array. The 
visual angle of each letter and number was 0.4 degrees wide 
and 0,5 degrees high. The entire arrays were 2.4 degrees 
high and 3.0 degrees wide. The arrays were constructed so 
that the fixation cross and the cues were in a position ex­
actly between the two rows of each array (equidistant from 
the bottom of the top row and the top of the bottom row and 
from each end of both rows). Therefore the cues and arrays 
were constructed in such a manner as to exclude any 
overlapping contours if presented simultaneously. 
Presentation of the stimulus Materials 
The background channel of the tachistoscope was used to 
present the fixation cross that was visible continuously 
except during the time that an array or cue was visible. The 
luminance of the cues and the fixation cross was 2.8 ftl. and 
the luminance of the arrays was 3.4 ftl. The tachistoscope 
was programmed to present the following seguence of stimuli 
(with one exception) to the subjects: (1) focus cross (2) 
array (3) focus cross (4) cue (5) focus cross. The exception 
was one condition in which the subjects were presented the 
cue before the array so that events (2) and (4) were switched 
in nrorpili ng seguence. The arrays were presented for 100 
msec, and the cues were presented for 1000 msec. The inter-
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val between the offset of the array and the onset of the cue 
varied from -250 msec, to 1000 msec. Seven delay intervals 
were employed: -250, 50, 100, 250, 500, 750, and 1000 msec. 
Procedure 
As soon as each subject entered the experimental room 
the experimenter explained the operation of the 
tachistoscope, showed the subject a sample array and the cues 
that he would be presented during that session, and explained 
the nature of the delay intervals. Each subject was then 
given two sets of practice trials. In the first set only the 
cues were presented and the subject was instructed to report 
the type of items that the cue indicated to report. Enough 
practice trials were given so that each subject was able to 
correctly report what each cue indicated for a complete se-
guence of the cues to be presented during that session. The 
second series of practice trials included the presentation of 
both a cue and an array. The subject was told that these 
practice trials were identical to the upcoming experimental 
trials and that he must recall the items from the array indi­
cated by the cue. Enough of these practice trials were given 
to insure that the subject completely understood the nature 
of the task. The subject was exposed to each of the seven 
delay intervals at least once during each of the two sets of 
nrarticA trials. None of the arravs used during the practice 
trials were used during the experimental trials. During 
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these practice trials, and for the remainder of the experi­
ment, the subjects presented the stimuli to themselves by 
pressing a switch that activated the tachistoscope. 
The subject was then shown a deck of three by five cards 
on which each of the cue by delay combinations were printed 
(e.g., L - 500). The cards were thoroughly shuffled in plain 
sight of the subject and he was told that any attempt to de­
termine a pattern in the cueing sequence would be futile. 
The procedure for each of the experimental trials was the 
same. First a card was selected from the top of the shuffled 
deck and the appropriate cue and a randomly selected array 
were inserted into the tachistoscope. Second, the 
tachistoscope was programmed to present the appropriate delay 
interval between the offset of the array and the onset of the 
cue. Third, the subject was given a verbal ready signal and 
he presented the sequence of stimuli to himself by pressing 
the switch. Fourth, the subject verbally reported as many of 
the cue-indicated items as he could remember. Fifth, the ex­
perimenter transcribed the subject's verbal report onto a 
mimeographed data sheet. Sixth, the experimenter removed the 
array from the tachistoscope, circled the items on the data 
sheet that the subject had recalled incorrectly, and marked 
the position in the array of the correctly recalled items on 
the data shsst. Intcrtrial interval vas never less than 15 
seconds and never more than 30 seconds. None of the arrays 
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were ever repeated during a single experimental session. 
Subjects were given a 5-10 minute rest after 25 trials (in 
the sessions in which the number of experimental trials ex­
ceeded 21). The approximate durations of the 21 and 49 trial 
sessions were, respectively, 20 and 45 minutes. The sessions 
were scheduled so that they were separated by at least one 
and not more than two days. 
Design_and_inal2sis 
The design was the same 4x4 Latin square that was used 
in study I. The only difference was that subjects were ex­
posed to all delay intervals during each experimental ses­
sion. 
The data from this design were analyzed with a 4x2x3x7 
factorial analysis of variance. The factors were Orders (A, 
B, C, or D), Cue Set Size (three or seven), Cue Dimension 
(Spatial, Class, or Color), and Delay Interval (-250, 50, 
100, 250, 500, 750, or 1000 msec.). The dependent variable 
was the number of items that the subjects recalled correctly 
on each trial. The raw data from this study are presented in 
Appendix D. 
Results and Discussion 
The results of the analysis of variance (see Table 3) 
indicated significant main effects due to Cue Dimension, F 
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JB < .01. The Cue Set Size main effect was marginally signif-
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leant, F (1,6) = 4.49, £ < .08. Two interactions were also 
significant. Orders X Cue Set Size, F (3,6) = 18.64, £ < .01 
and Cue Dimension X Delay Interval, F (12,72) = 3.75, £ < 
. 0 1 .  
The significant Cue Dimension main effect confirmed the 
hypothesis that recall from iconic memory is inversely relat­
ed to cue apprehension time. The average number of items 
recalled correctly in each Cue Dimension were: Space = 4.28, 
Class = 3.98, and Color = 3.36. If average cue apprehension 
times (from Study I) and average recall scores (from Study 
III) are compared across Cue Dimensions (Space, Class, and 
Color) a negative relationship is found (see Table 4). Thus, 
it appears that the longer a subject must spend in 
apprehending the meaning of a cue, the less information he 
will recall from the previously presented array. The rank 
ordering of Cue Dimensions in order of decreasing selection 
efficiency (Spatial > Class > Color) replicates the findings 
of Appleby (1971). 
The Cue Set Size main effect approached significance, 
thus lending some support to the hypothesis that recall from 
iconic memory decreases as the size of the cue set increases. 
The average number of items recalled in the three cue condi­
tion was 3.94 whereas only 3.81 items were recalled in the 
C V ^  iA W Wi ^  W W 44 V* ^  W ^  W 44 «  ^4*  ^VA ^  ^ te w w w M*» "w ^  ^ ^ • w vk « ^ ^ — 
this hypothesis can be explained by a careful inspection of 
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the iconic memory decay function as represented by the sig­
nificant Delay Interval main effect (see Figure 2). Recall 
performance was best at the -250 msec= interval. This is to 
be expected because, with a pre-stimulus cue, subjects are 
aware of the type of items they must recall before the array 
is presented. Conseguently, subjects can take full advantage 
of the information in the array while it is being presented 
in order to process the appropriate information for output or 
reject the inappropriate information before the 
tachistoscopic presentation of the array has terminated. The 
unexpected portion of this decay function was the low level 
of recall evident at the 50, 100, and 250 msec, delay inter­
vals. An interesting aspect of these three data points is 
their similarity to the U-shaped backward masking functions 
reported by numerous researchers (Alpern, 1953; Averbach 6 
Coriell, 1961; Kahneman, 1967; Kolers, 1962; Schiller & 
Smith, 1966; Weisstein 6 Haber, 1965; Werner, 1935). These 
researchers studied masking by presenting target stimuli and 
then masking them with nonoverlaping figures such as an 
annulus or figures similar to the target stimulus that flank 
it on either side (called metacontrast by Stigler, 1910). 
Their results all pointed to the same conclusion: the 
masking stimulus was maximally effective (target stimulus 
U t j L t d O L X U U  M a â  M U L A U I  X i .  u u e  
target stimulus by 50-100 msec. At shorter or longer delay 
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intervals the mask was much less effective in reducing target 
stimulus detection. Hence, if delay intervals are plotted 
against average number of target stimuli correctly detected, 
a U-shaped function is obtained. 
The similarity of the present results with those of 
earlier masking studies tends to indicate that metacontrast 
effects were obtained at the short delay intervals in the 
present study in the form of a U-shaped function. Recall 
after post-stimulus cues peaked at 500 msec, and then 
decreased as a function of increasing delay interval. The 
stimulus that acted as a masking agent in the present study 
was probably the cue symbol that appeared in a position ex­
actly in the middle of where the array of letters and numbers 
had been. Although there were no overlapping contours be­
tween the cue symbols and the letters and numbers in the 
array, the symbols'must have been close enough to the middle 
four items in the arrays to produce a metacontrast effect. 
It is interesting to note that partial report performance 
decreased to whole report performance level at only two delay 
intervals, 100 and 1000 msec. No difference between partial 
and whole report is generally interpreted to mean that no 
iconic memory is present, either as a result of degradation 
of the icon by a masking stimulus (at the 100 msec, delay) or 
simply by the passage of time (at the lûûû iat>ec. delay}. 
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The hypothesis that recall from iconic memory decreases 
as cue set size increases vas based on the premise that the 
longer it takes a subject to apprehend the meaning of a cue, 
the more faded his icon would be before he could begin to 
select the appropriate information from it. Consequently, 
the effect should have been strongest at the shortest delay 
intervals because of the clear, but rapidly fading condition 
of the icon. Unfortunately the shortest delay intervals were 
also the most susceptible to metacontrast effects and conse­
quently any advantage gained from the faster cue apprehension 
time in the three cue condition was wiped out because of the 
degraded condition of the masked icon. 
The significance of the Orders X Cue Set Size interac­
tion (see Figure 3) was primarily due to the large difference 
between performance in the three and seven cue conditions in 
Order D. Although there was a small difference in recall 
performance between Cue Set Sizes in Order B, there were no 
appreciable differences in Orders A and C. The large differ­
ence in Order D was probably due to two factors. First, the 
subjects who participated in Order D received the seven cue 
condition on the first day. Therefore they were familiar 
with and had practice with all the cues that they would re­
ceive on the three following days. Consequently, none of the 
U ^  O ^  4.À C «C wuc: V-XWAAO # C: C UAli. CI luxxxa ^ 
to them on the days that they were presented. The second 
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reason deals with practice and the subjects' habituation to 
the experiment itself. Undoubtedly the performance of the 
subjects improved as they became more and more familiar with 
the experimental task, the room, the equipment, and the ex­
perimenter. Because the seven cue condition was presented on 
the first day in Order D, the subjects were least habituated 
to the seven cue condition. During the three remaining three 
cue conditions, the subjects had either one, two, or three 
days of practice in the experimental situation. 
The Cue Dimension X Delay Interval interaction (see 
Figure 4) gained its significance primarily from the 
superiority of recall performance in the Spatial Cue condi­
tion at the -250 msec, delay interval. It would appear that 
attention can be directed toward a group of items that are 
spatially related (e.g., in a single row of the display) more 
easily and quickly than towards items that are spatially 
unrelated (e.g., randomly interspersed in the array as in the 
Class and Color recall conditions). Recall performance ap­
peared to be approximately equal across all other delay in­
tervals (except for Spatial superiority at 100 msec, and 
Class superiority at 750 msec.) for the Spatial and Class 
recall dimensions. Recall performance in the Color dimension 
condition was consistently lower across all of the post-
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Table 3, Analysis of variance for Experiment III 
Source of variation Degrees of Mean F values 
freedom squares 
Orders (0) 3 12.71 2, 52 
Subjects (S)/0 6 5.05 
Cue Set Size (C) 1 2.29 4. , 49* 
OxC 3 12.71 18. ,65** 
CxS/0 6 0.51 
Cue Dimension (D) 2 37.25 7, ,73** 
OxD 6 1.98 0. ,41 
DxS/O 12 4.82 
Delay Interval (I) 6 49.25 26, 62** 
OxI 18 1.01 0. ,55 
IxS/0 36 1.85 
CxD 2 2.50 2. ,05 
OxCxD 6 1.41 1. 16 
CxDxS/0 12 1.22 
CxI 6 0.78 0. ,58 
OxCxI 18 0.97 0, .72 
CxIxS/0 36 1.34 
Dxl 12 6.79 3. , 73** 
OxDxI 36 0.91 0. ,50 
DxIxS/0 72 1.82 
CxDxI 12 2.11 1. 11 
OxCxDxI 36 1.08 0. ,57 
CxDxIxS/0 156 1.90 
Total 503 
»£ < .08 
* * 2  <  - 0 1  
lable U. Sumnary of Recall Scores and Cue Apprehension 
Times between and within Cue Dimensions 
C u e  D  i  m e n s  i  o n  S p a c e  C l a s s  C o  1  o r  
M e a n  n u m b e r  
o f  i  t e m s  c o r r e c t  4 .  2 8  3 .  9 8  3 .  3 6  
M e a n  
a p p r e h e n s i o n  t i m e  5 0 9  . 4 8  5 2 0  . 2 3  5 3 1  . 9 8  
C u e  T y p e  t N  L  0  ( r e d )  0  (black) 
M e a n  n u m b e r  
o f  i  t e m s  c o r r e c t  2 . 3 6  1  . 9 2  2 . 3 4  1  . 6 4  1  . 7 1  1 . 6 5  
M e a n  
a p p r e h e n s i o n  t i m e  503.58 515.31 508.63 531.83 504.04 569.92 
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exposure delays than the Spatial and Class dimensions. 
Although nonsignificant, F (2,12) = 2.05, £ < .25, the 
Cue Set Size X Cue Dimension interaction did show a trend in 
the predicted direction. Recall in the Spatial and Color di­
mensions was relatively unaffected by the size of the cue 
set. Subjects recalled an average of only 0.02 more items in 
the seven cue condition than in the three cue condition with 
Space as the relevant recall dimension. In the Color cue 
condition there was no difference in recall between the two 
sizes of cue set. However, subjects recalled an average of 
0.47 more items in the three cue condition than in the seven 
cue condition with Class as the relevant recall dimension. 
These results point to the possibility that some recall di­
mensions may be differentially sensitive to the size of the 
cue set. They correspond to the findings of Dick (1969) and 
Appleby (1971) who found the rank orderings of recall effi­
ciency to be Class > Space > Color with Cue Set Size = 3 
(Dick) and Space > Class > Color with Cue Set Size = 6 
(Appleby) . 
If recall scores are broken down by levels (e.g., top 
row and bottom row) within each Cue Dimension, the strength 
of the relationship between cue apprehension time and recall 
performance becomes more apparent. There existed an inverse 
relationship wxthxn L.xou uêLwôcû àppLcûcûâZCn 
time and average number of items recalled correctly for each 
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cue. The average number of items recall per trial was 
greater from the top row (2.36) than from the bottom row 
(1.92), more numbers (2.34) were recalled than letters 
(1.64), and more red items (1,71) were recalled than black 
items (1.65). The differences between levels within the 
Spatial and Class Cue Dimensions were statistically signifi­
cant at the £ < .01 level (Spatial: t (334) = 3.16; Class: 
t (334) = 7.61). The difference between within the Color Cue 
Dimension was not statistically significant (Color: t (334) 
= 0.63). If levels within each Cue Dimension are rank 
ordered according to average recall scores and then compared 
to average cue apprehension times (from Study I) that have 
been rank ordered in the same fashion, a negative relation­
ship is found (see Table 4). Thus, it appears that differ­
ences in recall efficiency within as well as between recall 
dimensions can be explained in terms of their relationship 
with cue apprehension time. 
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Conclusions 
In Study I it was demonstrated that as the number of al­
ternative cues that a subject may see on any particular trial 
increased from three to seven, the time it takes the subject 
to apprehend the meaning of the cue presented increased by 
82,12 msec. Another finding from Study I was that there were 
also large differences (up to 66.33 msec.) between the indi­
vidual cues in terms of how long it takes subjects to 
apprehend their meaning. No studies in the iconic memory 
literature have been concerned with these variables- Howev­
er, if iconic memory does exist as a rapidly fading, 
veridical image of a previously presented stimulus, then the 
differences in cue apprehension times found in Study I are 
crucial to the explanation of recall differences between cue 
dimensions within studies and also overall recall differences 
between studies employing different cue set sizes. Rather 
than explaining recall differences between cue dimensions in 
terms of differential ease of information encoding or re­
trieval, it would seem to be more parsimonious if these dif­
ferences could be accounted for by differential cue 
apprehension times. If this was possible, a great deal of 
complicated theoretical rambling could be avoided. This end 
could be achieved by simply employing the vocal reaction time 
MA  ^^ J «% J i—k  ^ m ^  C ^  * *3 * * T  ^^  ^  ^ ^ I*  ^  ^
LA ^ ^ ^ L* A J 9 ^ Â A Urn 
detect inequalities in apprehension time that could then 
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either be eliminated by reselection of cues or studied as a 
separate variable. 
Study II was performed in order to check the results of 
Study I. By simply instructing the subjects to say the cue 
names as responses to a constant stimulus, it was possible to 
conclude that the sound latency measuring system was not 
differentially sensitive to the cue names as pronounced by 
the subjects. A check of this type (or with an oscilloscope) 
is of critical importance in a vocal reaction time paradigm 
to insure that any differences in apprehension tine between 
cues are not simply artifacts of the measuring instrument. 
Several conclusions can be reached concerning the 
results of Study III. First, and most important, was that 
the average recall scores (from Study III) of the three cue 
dimensions were negatively related to their average cue 
apprehension times (from Study I). That is, the cue dimen­
sion with the highest average recall score (Space) was the 
cue dimension with the lowest average cue apprehension time. 
The cue dimension with the lowest average recall score 
(Color) was the cue dimension with the highest average cue 
apprehension time. The average recall score and cue 
apprehension time of the Class cue dimension fell between 
those of the Space and Color cue dimensions. This finding 
was also backed up by l c i c c  LùaL àvcLâyc îlcCâll SCGÏTGS bs~ 
tween eues within cue dimensions were also negatively related 
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to average apprehension times. Thus, within each cue dimen­
sion, the average recall score of the cue whose meaning was 
apprehended faster was higher than the cue whose meaning was 
apprehended slower. Relationships such as these, both be­
tween and within cue dimensions, can only lead to the conclu­
sion that the faster a subject can apprehend the meaning of a 
cue, the faster he can selectively attend to the appropriate 
information in his rapidly fading icon, and the higher his 
recall score will be. The possibilities of these between and 
within Cue Dimension results occurring by chance alone are, 
respectively, 1 in 36 and 1 in 64. As stated earlier, this 
simple relationship between cue apprehension time and recall 
magnitude is a much simpler and more elegant method of 
explaining differences in recall than is postulating various 
and sundry processing strategies (e.g., Appleby, 1971). 
Another conclusion (although not strongly supported) 
from the results of Study III was that cue uncertainty is 
negatively related to recall from iconic memory. In the 
three cue condition, the probability of being presented with 
any particular cue on any particular trial was .33 (or 1 in 
3). In the seven cue condition this probability dropped to 
. 1U (or 1 in 7) . Recall in the three cue condition was 
superior to recall in the seven cue condition. However the 
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that, at the short delay intervals (50-250 msec.) where the 
63 
effect should have been strongest, the cue symbols apparently 
served as very effective masking stimuli and therefore 
reduced recall performance by a marked degree. The masking 
effect appeared to dissipate by the 500 msec, delay interval 
and a normal iconic memory decay curve was present between 
the 500-1000 msec, delay intervals. In order to eliminate 
the backward masking at short delay intervals in this type of 
paradigm, it would be necessary to increase the distance be­
tween the to-te-recalled items and the cue symbols. 
Unfortunately, by increasing the distance between the rows of 
the arrays to accomplish this end, another equally serious 
problem would be encountered. If the distance between rows 
was increased enough to ensure that no masking would take 
place, subjects would simply be unable to see all the items 
in an array without making an eye movement. Since eye 
movement latency is generally considered to be approximately 
200 msec. (Neisser, 1967) it would be impossible for subjects 
to see both rows in an array within the 100 msec, exposure 
duration. Consequently, it appears that the use of visually 
presented cues with this type of array leads to less than 
optimal conditions for the demonstration of the presence of a 
visual information store at short delay intervals. However 
the alternative, auditorily presented cues, is no better and 
peLHaya wuL'Sc. PtêsériLing Cu£5 audltcrily vculd eliminate 
the masking problem but would introduce its own unique prob­
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lem. Subjects could easily discriminate between three dif­
ferent tones in the three cue condition but it would be 
nearly impossible for subjects to discriminate between seven 
different tones and to associate each tone with a particular 
category of information in the seven cue condition. Perhaps 
the solution to this problem is to change the configuration 
of the arrays so the metacontrast effects are minimized and 
subjects are able to see all the information in the array 
without moving their eyes. The most logical array configura­
tion is a circle such that items are equidistant from each 
other around its circumference and equidistant from the 
visually presented cue that would appear in the exact center 
of the circular array of items. 
Two other results from Study III were noteworthy. 
Recall in the seven cue condition was clearly inferior to 
recall in the three cue condition only if subjects encoun­
tered the seven cue condition during the first of their four 
experimental sessions. The conclusion that can be drawn from 
this result is that practice with a large cue set size 
facilitates subsequent performance with small cue set sizes. 
This implies that in within-subject designs, maximum recall 
performance with small cue set sizes can be facilitated by 
initial practice with all the cues within one session. An-
 ^ L  ^ ^ . T A. £ C* t «3 TTTT *3 1 A» ».» •• ^   ^  ^^  all ## C a U j,. L, ^JuWWi L. W L*  ^ LA ^  A-  ^  ^^  ^ X 
spatial location in the condition in which the cue was pre­
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sented 250 msec, before the onset of the array. This result 
was interpreted to mean that attention can be more quickly 
directed to groups of items that are spatially related in a 
single row of a display than to groups of items that are 
randomly interspersed throughout both rows of the display. 
As is the usual case, the present set of studies has 
answered a number of questions and posed a number of others. 
Its major contribution has been to bring attention to the 
fact that the meaning of all recall cues employed in iconic 
memory studies are not apprehended equally rapidly and that 
recall performance is negatively related to cue apprehension 
time. An awareness of these facts may lead to the 
simplification and better understanding of the rather 
complicated and enigmatic area of iconic memory research. 
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Appendix A 
Latin square Design used in Study I and Study III 
E x o e r i m e n t a I  S e s s i o n s  
1 2  3  4  
A  S p a c e  C 1  a s s  C o  1  o r  A I  1  
C O  B  
£_ 
< D  
C  1  a s s  S p a c e  A I  1  C o  1  o r  
7 3  
L  
c  C o  1  o r  A 1  i  S p a c e  C  1  a s s  
D  A I  1  C o  1  o r  C l a s s  S p a c e  
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Appendix B 
Mean Cue Apprehension Times from Study I (in msec.) 
Three Cue Condition Seven Cue Condition 
5# t i L N # 0 t L N e 0 
A1 468 464 506 513 471 374 450 456 488 450 576 439 
A2 525 504 495 487 489 499 556 531 614 567 645 517 
A3 458 455 556 49 2 508 407 451 464 511 469 558 472 
B1 530 502 625 582 492 442 568 524 548 62 5 666 607 
82 462 522 487 487 505 445 532 533 503 511 623 552 
B3 500 498 460 447 584 464 496 574 558 498 639 578 
CI 409 468 405 407 562 451 567 625 670 569 644 558 
C2 509 578 478 487 527 50 2 520 575 527 591 5 82 498 
C3 447 450 477 427 561 498 505 561 662 577 558 495 
D1 402 390 419 393 425 369 575 483 522 511 645 551 
D2 416 479 471 480 507 580 584 649 607 613 718 665 
D3 528 476 501 464 500 514 628 608 714 578 6 93 620 
# = 1 black-filled circle 
0 = red-filled circle 
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Appendix C 
Mean Vocal Reaction Times from Study II (in msec.) 
s# DP DOWN LETTERS NUMBERS BLACK BED 
01 278 280 271 307 294 276 
02 246 255 250 239 261 235 
03 341 344 347 327 340 347 
04 296 299 276 272 304 284 
05 360 352 379 355 365 337 
06 332 345 338 312 365 378 
07 357 352 370 353 370 376 
08 267 274 283 275 273 283 
09 286 262 281 277 284 302 
10 370 358 336 346 371 371 
74 
Appendix D 
Number of Items Correct from Study III (Order A) 
Three Cue Condition Seven Cue Condition 
S# (D.I.) t L N # 0 t L N # 0 
1 -250 3 4 3 3 4 3 4 4 3 3 3 2 
1 50 1 1 2 2 1 2 2 1 3 3 1 1 
1 100 3 2 1 1 1 3 3 1 1 0 3 2 
1 250 2 2 2 3 2 1 3 2 3 2 0 3 
1 500 3 1 2 3 1 3 2 2 2 1 2 2 
1 750 1 1 3 3 2 1 3 2 3 3 2 2 
1 1000 2 1 2 2 1 2 3 2 1 2 1 1 
2 -250 3 4 3 3 1 0 4 4 2 3 1 1 
2 50 2 2 1 3 2 0 3 2 2 2 2 1 
2 100 4 4 3 3 0 2 4 2 3 3 2 2 
2 250 3 2 2 3 1 2 4 2 2 3 1 2 
2 500 3 1 3 3 1 2 3 4 2 3 1 1 
2 750 4 1 3 3 2 2 4 1 3 2 1 1 
2 1000 2 3 2 2 2 0 2 2 2 1 1 2 
3 -250 4 3 2 2 3 2 4 4 1 3 3 3 
3 50 3 3 1 3 2 1 3 2 1 1 0 2 
3 100 0 1 2 2 1 2 0 1 0 2 2 2 
3 250 1 1 0 2 2 2 2 0 2 2 2 1 
3 500 3 1 1 3 2 1 1 2 2 2 1 2 
3 750 2 2 1 1 1 1 2 2 0 2 3 1 
3 1000 2 0 1 2 2 2 1 3 2 2 2 2 
D.I. = Delay Interval 
• = black-filled circle 
0 = red-filled circle 
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Number of Items Correct from Study III (Order B) 
Three Cue Condition Seven Cue Condition 
S# (D.I.) t L N # 0 f I L N • 0 
1 -250 2 3 2 2 3 2 U 4 1 3 2 3 
1 50 2 1 1 2 1 2 3 0 1 2 1 1 
1 100 2 2 1 2 1 1 2 1 1 2 2 1 
1 250 2 1 1 2 0 2 2 1 1 2 0 1 
1 500 2 2 0 2 2 1 U 1 1 0 1 2 
1 750 U 1 2 3 1 2 4 1 2 1 4 1 
1 1000 2 1 2 2 1 2 3 0 2 4 1 1 
2 -250 4 H 2 3 3 2 4 4 3 2 3 3 
2 50 2 2 1 3 2 3 4 4 3 3 1 2 
2 100 0 3 1 1 1 2 2 3 0 3 2 1 
2 250 0 2 2 2 3 2 2 2 1 2 2 2 
2 500 3 2 1 3 2 2 3 2 2 3 3 1 
2 750 1 3 2 3 1 2 3 2 2 4 3 3 
2 1000 3 2 0 2 2 1 2 3 1 3 2 1 
3 -250 U 4 2 3 2 3 3 4 2 2 3 3 
3 50 0 1 0 3 1 2 1 3 1 2 1 1 
3 100 1 2 1 2 1 1 1 3 0 2 0 2 
3 250 1 1 1 2 2 2 1 1 2 3 2 1 
3 500 2 2 1 3 3 1 1 3 2 2 2 2 
3 750 0 2 2 1 2 1 1 2 2 1 2 1 
3 1000 1 3 1 3 2 1 3 2 2 2 2 1 
D.I. = Delay Interval 
# = black-filled circle 
0 = red-filled circle 
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Number of Items Correct from Study III (Order C) 
Three Cue Condition Seven Cue Condition 
S» (D.I.) t I L N • 0 t L N # 0 
1 -250 4 4 1 3 1 2 3 3 2 3 2 2 
1 50 2 0 1 2 3 1 2 0 1 3 2 0 
1 100 0 0 1 3 1 1 1 1 1 1 2 2 
1 250 2 1 1 2 1 2 3 0 0 1 1 1 
1 500 3 1 2 2 1 1 2 1 1 3 2 2 
1 750 3 2 2 3 0 1 2 1 0 2 2 2 
1 1000 2 0 1 2 2 1 3 0 1 0 2 2 
2 -250 4 4 3 3 3 3 4 3 2 2 1 3 
2 50 1 2 1 1 1 1 3 0 2 4 1 
2 100 2 4 1 1 0 2 2 0 1 2 2 2 
2 250 U 4 2 2 1 2 3 1 1 2 3 3 
2 500 0 2 2 2 1 3 3 2 3 3 1 2 
2 750 1 1 2 4 1 1 3 0 3 2 3 2 
2 1000 4 2 1 2 1 1 3 0 2 2 2 1 
3 -250 2 4 2 2 2 3 2 4 1 3 3 1 
3 50 2 1 1 2 1 1 1 3 2 2 1 2 
3 100 1 1 2 2 2 1 1 1 1 2 1 0 
3 250 1 1 2 2 0 2 1 1 1 2 1 2 
3 500 1 1 1 3 1 2 1 3 1 2 2 1 
3 750 2 1 2 3 0 2 0 2 2 2 2 1 
3 1000 1 0 2 2 2 2 3 1 2 1 0 1 
D.I. = Delay Interval 
• = black-filled circle 
0 = red-filled circle 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
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Number of Items Correct from Study III fOrdec D) 
Three Cue Condition Seven Cue Condition 
(D.I.) tiLNiO f i L N # 0 
-250 4 4 3 2 3 3 4 3 1 3 3 2 
50 0 1 2 1 2 2 0 4 1 2 0 2 
100 3 4 0 2 1 2 3 0 0 2 1 2 
250 3 1 1 3 2 1 2 3 1 0 1 1 
500 0 1 2 2 0 0 1 1 2 2 1 2 
750 2 1 2 3 3 3 0 0 1 1 1 1 
1000 4 3 1 3 1 1 1 1 0 1 0 2 
-250 4 4 2 3 2 4 4 4 2 3 4 4 
50 H 2 2 2 1 4 3 2 1 2 2 2 
100 3 2 2 3 2 2 3 2 1 3 1 2 
250 4 2 2 4 2 2 2 2 1 3 2 2 
500 4 4 3 3 3 3 2 2 2 2 3 2 
750 4 2 2 3 2 4 4 1 1 2 4 1 
1000 3 0 2 3 3 2 2 2 2 2 1 1 
-250 4 3 3 2 2 2 4 4 3 2 3 1 
50 3 3 2 3 1 3 3 3 4 3 2 1 
100 3 0 3 3 1 1 3 1 2 3 1 2 
250 1 2 3 3 3 2 2 1 1 3 2 0 
500 3 3 3 3 2 1 2 2 0 2 1 2 
750 4 1 3 2 1 1 1 0 2 4 0 2 
1000 3 2 2 3 1 2 1 2 2 3 2 1 
D.I. = Delay Interval 
# = black-filled circle 
0 = red-filled circle 
